Zingiberaceae species have been reported for their variety biological activities such as antimicrobial, antioxidant, and antiinflammatory [1] . Zingiber officinale, commonly known as ginger, is the most common species of this family which has been extensively studied for various activities, but little study has been made of the wild species of this family. Hornstedtia havilandii K. Schum. is one of the wild species of Zingiberaceae commonly found in Sarawak. Previous study of the essential oils of Hornstedtia species found phenylpropanoids as the major components of the oils [2] . However, there is no previous report on the chemical composition and antimicrobial activity of the essential oil of H. havilandii.
Hydrodistillation of the rhizomes and flowers of H. havilandii gave pale yellow oils in 0.25% and 0.44% yield, w/w, respectively. Analysis of the rhizome and flower oils revealed qualitative and quantitative differences, as summarized in Table 1 , with their retention indices in an Ultra-1 (non-polar) capillary column. GC and GC-MS analyses of H. havilandii rhizome and flower oils successfully identified thirty-six and forty-two components, which contributed 89.6% and 93.4% of the total rhizome and flower oils, respectively. Table 1 shows that both oils have quite similar constituents, but with different percentage compositions. Thirty compounds were found to be common to both the rhizome and flower oils. Sixteen monoterpenes (22.0%), seventeen sesquiterpenes (64.0%) and three esters (3.6%) were present in the rhizome oil. On the other hand, the flower oil contained twenty-four monoterpenes (53.9%), fifteen sesquiterpenes (37.5%) and three esters (2.0%). The rhizome oil possessed a high concentration of sesquiterpene hydrocarbons (59.1%) with α-copaene (10.2%) being the most substantial component, whereas the flower oil was abundant in monoterpene hydrocarbons (38.4%) with β-pinene (19.5%) as the main constituent. In contrast, the rhizome oil was found to consist of only six monoterpene hydrocarbons in low amounts (0.4%-2.7%). The other major constituents in the rhizome oil were α-copaene, (10.2%), β-selinene, (8.4%), β-elemene, (7.0%), γ-cadinene, (6.9%), β-cubebene, (5.3%) and germacrene D (5.3%). In addition, β-elemene, (10.0%), β-cubebene, (6.2%), γcadinene, (4.3%) and germacrene D, (3.3%) were also detected in high percentage in the flower oil.
The antimicrobial activities of the rhizome and flower oils of H. havilandii were tested against Gram-positive bacteria (Bacillus subtilis and Staphylococcus aureus), Gram-negative bacteria (Escherichia coli and Pseudomonas aeruginosa) and yeasts (Candida albicans and C. glabrata). The antimicrobial activity of the oils was examined qualitatively and quantitatively by the diameter of inhibition zone and minimum inhibitory concentration (MIC) value. The rhizome and flower oils showed varying degrees of antimicrobial activity. Table 2 displays the antimicrobial activity of both oils based on the inhibition activity of the oils and their MIC values, which were in the range of 7.0-10.5 mm and 225-1800 µg/mL, respectively. Both oils showed moderate activity against the Gram-positive bacterium, Staphylococcus aureus, but weak activity against a second Grampositive bacterium, Bacillus subtilis. The difference in activity of both oils was supported by a previous study, which showed that a lower percentage of 1,8-cineole contributed to weak antibacterial activity against the Gram-positive bacterium, Bacillus subtilis [3] . The rhizome oil showed a weak MIC value, 450 µg/mL, whereas the flower oil displayed a more moderate activity with a MIC value of 225 µg/mL towards both the Gram-negative bacteria, Escherichia coli and Pseudomonas aeruginosa. Both oils exhibited either very weak inhibition or were almost inactive against the yeasts Candida albicans and C. glabrata, with MIC values of 1800 µg/mL. In conclusion, the flower oil with a higher composition of monoterpenes (34.9%), showed stronger antimicrobial activity than the rhizome oil with a lower monoterpene composition (13.4%) [4] . 
Extraction and analysis of essential oils:
The fresh rhizomes and flowers were subjected to hydrodistillation in an all glass Dean and Stark apparatus for 8 h. The oils obtained were dried over anhydrous magnesium sulfate and stored at 4-6°C before analysis. GC and GC-MS analyses were performed under the experimental conditions reported earlier [5] . The constituents of the oils were identified by matching their mass spectra with reference spectra in the computer library (Wiley) and also by comparing their retention indices with either authentic compounds or data in the literature [6, 7] .
Antimicrobial activity: Antimicrobial activity of the oils was carried out by the disc diffusion method [8] and minimum inhibitory concentration (MIC) was determined by a micro dilution method using a 96-well microplate [9] ; experimental conditions were quite similar to those reported earlier [5] .
Statistical analysis:
Data obtained from the essential oils analysis and antimicrobial activity are expressed as mean values. Statistical analyses were carried out by using one way ANOVA (p > 0.5). A statistical package (SPSS version 11.0) was used for data analysis.
